Mg2+
The slopes were taken from primary double-reciprocal plots of reaction rate against fructose 6-phosphate concentration at different fixed concentrations of ATP with the concentration of free Mg2+ constant for each family of lines. The free Mg2+ concentrations shown are: 0.15 mM; 0 , O.5mM; 0, l.OmM; A, 4 . 0 m~; 0, 1 6 . 0 m~. Three lines at free Mg2+ concentrations of 0 . 2 5 m~. 2 . 0 m~ and 8 . 0 m~ were omitted for clarity.
The activity of phosphofructokinase was measured by linking the reaction to pyruvate kinase and lactate dehydrogenase. The decrease in A,,, was followed in a Perkin-Elmer 356 spectrophotometer. The assay system, in a final volume of 1 ml, comprised 25m~-Tris/HC1 (pH 8.0), SOrnM-KCI, 5 mM-(NH,),SO,, 0.4 mM-phosphoenolpyruvate, 0.15 mM-NADH, 10 units of pyruvate kinase and 10 units of lactate dehydrogenase, together with a total concentration of MgCI, such as to provide the desired concentration of free Mg2+. This latter value was calculated from the dissociation constants of the fructose 6-phosphate, phosphoenolpyruvate and ATP-magnesium chelates present at pH 8.0 (Sillen & Martell, 197 1) .
Initial-rate measurements were made with a variable concentration of fructose 6-phosphate and different fixed concentrations of ATP at a constant concentration of free Mg2+. These measurements were repeated at different concentrations of free Mg2+. The data were analysed by the hyperbolic least-squares method of Wilkinson (1961) after a graphical check that the double-reciprocal plots of reaction rate against substrate concentration were linear. Primary double-reciprocal plots of reaction rate and the concentration of fructose 6-phosphate at different fixed concentrations of ATP were linear and intersecting at each constant concentration of free Mg2+. These data are consistent with a sequential reaction mechanism. A secondary plot of primary slopes against the reciprocal concentration of ATP at different fixed concentrations of free Mg2+ is shown in Fig. 1 . The slopes and intercepts of the lines are at a minimum at a concentration of 1 mM free Mg2+. Below this concentration Mg2+ is limiting the rate of reaction, whereas above l m~ there is an apparent inhibition of the reaction by free Mg2+.
Preliminary analysis ,. of the data suggests an apparent inhibition constant, K$2w:pe), of approx. 8 . 5 m~. From the nonlinear intercept replot of In common with mammalian skeletal muscle, the pincer and walking leg muscles of Carcinus maenas contain a high activity of pyruvate kinase, although, paradoxically, intracellular metabolite concentrations indicate that it catalyses a non-equilibrium reaction. Consequently the enzyme must be severely inhibited in vim. The activity of the type-M isoenzymes are not influenced by any of the allosteric modulators of the type-L isoenzyme, nor are they affected by the cyclic AMP-dependent phosphorylation/dephosphorylation system described for the mammalian type-L isoenzyme (Engstrom, 1978) . The phosphagen phosphocreatine has, however, been reported to inhibit the rabbit muscle enzyme at physiological concentrations (Kemp, 1973) .
In many invertebrate species the equivalent phosphagen is phospho-L-arginine, and this has been reported to inhibit pyruvate kinase in crude extracts of Oplophorus gracilirostris (Guderley et al., 1976) and Helix pomatia (Wieser & Lackner, 1977) . Studies on crude extracts of Mytilus edulis (de Zwaan & Ebberink, 1978) led to the suggestion that the inhibition observed is only an apparent inhibition, possibly owing to a side reaction involving arginine kinase present in the crude tissue extracts used.
This communication is a summary of investigations into the actions of arginine phosphate on C. maenas type-M pyruvate kinase, both enzyme and phosphagen being isolated to a high degree of purity. Phosphoarginine (prepared by using arginine kinase, specific activity 350 units/mg of protein; Pradel & Kassab, 1973) was isolated by a modification of the procedure described by Marcus & Morrison (1964) . The final material was over 98.5% pure by weight and contained no detectable ATP, ADP, arginine kinase or myokinase and less than 0.04% Larginine and AMP. Pyruvate kinase was isolated from C. maenas muscle as previously described (C. J. Newton, I. G. quired for catalytic activity any change in activity that occurred was compared with that seen on adding potassium alone. The results obtained indicated that the potassium salt of phosphoarginine (mean K+/phosphoarginine ratio 2.3 : 1.0) had no effect on enzyme activity, above that caused by K+, at concentrations up to 7 0 m~. C. maenas leg muscle contains 18.7pmol of phosphoarginine/g of tissue which, allowing for the measured intracellular water space of 0.5 ml/g, corresponds to an overall cellular concentration of 3 7 m~ (I. G. Giles & P. C. Poat, unpublished work). Thus it seems improbable that phosphoarginine has any physiological significance in the regulation of C. maenas type-M pyruvate kinase.
Repeating the experiments by using phosphoarginine containing trace amounts of arginine kinase (0.5 units/pmol of phosphoarginine) gave an apparent non-competitive inhibition between phosphoarginine and phosphoenolpyruvate. Several observations indicated that this inhibition was not of a simple reversible nature. (1) The progress curves were markedly nonlinear. (2) The initial rate was critically dependent on the length of incubation before addition of pyruvate kinase. (3) The progress curves reached a plateau after a time that depended on the substrate concentrations used. Addition of ADP (but not phosphoenolpyruvate) at this point resulted in a resumption of the reaction (Fig. 1 ). AU these observations are the result of ADP depletion via a second reaction involving arginine kinase and phosphoarginine. This directly confirms the suggestion of de Zwaan & Ebberink (1978) . lactate dehydrogenase reaction (Biicher & Dfleiderer, 1955) in the presence of 25 rnM-Tris/HCl (pH 7.4), 8 mM-M$ie and 1 mM-EGTA; 100mM-KCI was added, except where noted. By using the gel-filtration technique of Hummel & Dreyer (1962) , the apparent dissociation constant of the magnesium salt of phosphoarginine was measured to be 78.4 mM in the presence of 100mM-KCl. By using this value, and literature values for the other substrates, the free Mg2+ concentration was maintained at 8 m~ by adding the calculated amount of MgCI, to the assay mixture.
The analysis of the effect of phosphoarginine on the enzyme was complicated by the counter-ion added with it: in the current series of experiments this was potassium. As potassium is re-It has been proposed that the activation by a-adrenergic agonists of hepatic glycogen phosphorylase is associated with an increase in the concentration of Ca2+ in the cytoplasm (reviewed by Blackmore et al., 1978) . Evidence that mitochondria1 Ca2+ may be responsible for this increase has been presented (Blackmore et al., 1979) . In the case of glucagon, it has been shown that this hormone increases the rate of Ca2+ transport in mitochondria (Hughes & Barritt, 1978) and a microsomal fraction (Bygrave & Tranter, 1978) subsequently isolated from the liver. The aim of the present work was to develop a model that provides a quantitative description of Ca2+ distribution in the liver cell, and to use it to analyse the effects of hormones on the distribution of this cation. As a first step, a simple compartmental model, analogous to those developed for kidney cells by Borle and his co-workers (Uchikawa & Borle, 1978) was formulated.
Three compartments of exchangeable Ca2+, the extracellular medium (I), and the cell.cytoplasm (2) In the presence of 15Om~-KCl/lOm~-Hepes/KOH (pH 7.4)/2 mM-potassium phosphate/2 mM-MgCI2/1OmM-nitrolotriacetic acid/2 m~-succinate/3 m~-A T p / 2 5 -100pM-CaC1, (0.25-1 p~ free Ca2+), the turnover times for exchangeable Ca2+ in the mitochondria, microsomal fraction and crude nuclear fraction were found to be 7, 2 and 3 min respectively. Two possible effects of adrenaline on intracellular Ca2+ distribution were compared. An increase of 2-fold in the trans-
